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WKH FKDPEHU IXHO DQG LWV SXUSRVH RQH RU PRUH RI WKHVH JHQHUDO DVSHFWV DUH PRUH FULWLFDO WKHQ RWKHUV $LUFUDIW
SURSXOVLRQ WXUELQH HQJLQHV XVXDOO\ XVH DQQXODU FRPEXVWLRQ FKDPEHUV GXH WR WKHLU VPDOOHU VL]H DQG ZHLJKW EXW
LQGXVWULDO JDV WXUELQH HQJLQHV XVH FDQW\SH RU DQQXODU FRPEXVWLRQ FKDPEHUV GXH WR WKHLU EHWWHU WHPSHUDWXUH
GLVWULEXWLRQ DWWKHH[LW DQGORZHUFRQVWUXFWLYHFRPSOH[LW\ >@
$OOFRPEXVWLRQFKDPEHUVFDQEHGLYLGHGLQWRGLIIHUHQWDUHDVGHSHQGLQJRQWKHWDNHSODFHLQVLGHLW,QWKHLQWDNH
DUHD WKH DLU LV GLYLGHG LQWR WZR VWUHDPV WKH SULPDU\ IOX[ DQG WKH VHFRQGDU\ IOX[ 7KH SULPDU\ DLU IOX[ VWDUWV WKH
FRPEXVWLRQSURFHVVZKLOHWKHVHFRQGDU\IOX[HQWHUVLQWRWKHIODPHWXEHVWDELOL]HVWKHIODPHDQGGLOXWHVWKHIODPH
>@ $OVR WKH VHFRQGDU\ DLU VWUHDP FRROV WKH FRPEXVWLRQ FKDPEHU ZDOOV VR WKH\ FDQ ZLWKVWDQG WKH KLJK ZRUNLQJ
WHPSHUDWXUH >@
7KLVSDSHUDQDO\VLVWKHLQIOXHQFHRIWKH VWDELOL]DWLRQVHFRQGDU\ DLUVWUHDPKROHVGLDPHWHURQWKHPDVVIUDFWLRQRI
12FRPEXVWLRQSURGXFWRQDFDQW\SHFRPEXVWLRQFKDPEHUIRUDQLQGXVWULDOJDVWXUELQH
 $QDO\VLVSDUDPHWHUVDQGPHWKRGV
7RREWDLQ UHVXOWV UHJDUGLQJ WKH LQIOXHQFHRI WKHKROHVGLDPHWHUD&)' &RPSXWDWLRQ)OXLG'\QDPLFV DQDO\VLV
ZDVGRQHXVLQJ&);PRGXOHIURP$QV\VVRIWZDUH,QWKHSDSHUIRXUGLIIHUHQWVWDELOL]DWLRQVHFRQGDU\DLUVWUHDP
KROHVGLDPHWHUZHUHFRQVLGHUHGWRGHWHUPLQHWKH12 1LWURXVR[LGH SURGXFWLRQLQWKH IOXHJDV ࢥ PP ࢥ PP
ࢥ PP DQG ࢥ PP )RU DOO WKH PRGHOV  KROHV ZHUH XVHG 7KH LQWDNH DLU KDG D SUHVVXUH RI  EDU DQG D
WHPSHUDWXUH RI  & 7R LQFUHDVH WKH SULPDU\ DLU WXUEXOHQFH WKH LQWDNH DUHDZDV GHVLJQHGZLWK JXLGH YDQHV WR
FKDQJHWKHIORZGLUHFWLRQ>@ 7KH DLUPDVVIORZKDGDYDOXHRINJVDQGGLYLGHGNJVIRUWKHSULPDU\DLU
VWUHDPDQGNJVIRUWKHVHFRQGDU\DLUVWUHDP >@ 7KHIXHOFRQVLGHUHGLQWKHDQDO\VLVLV&+ DQGWKHPDVVIORZ
LQ WKH FRPEXVWLRQ FKDPEHU LV  JV 7KH FRPEXVWLRQ SURFHVVHV ZHUH SHUIRUPHG DFFRUGLQJ WR WKH (GG\
GLVVLSDWLRQPRGHO WKH WXUEXOHQFHDFFRUGLQJ WR WKHNHSVLORQPRGHODQG WKH WKHUPDO UDGLDWLRQ WR WKH3PRGHO >@
)LJD SUHVHQWVWKH ' PRGHORIWKHFRPEXVWLRQFKDPEHUXVHGLQWKHDQDO\VLV 7KHPHVKXVHGIRUWKHDQDO\VLVZDV
FRPSRVHGRIKH[DKHGUDOHOHPHQWVDQGFRQWDLQHGQRGHVDQGHOHPHQWV IRUWKHPRGHOZLWK ࢥPP
KROHVQRGHVDQGHOHPHQWVIRUWKHPRGHOZLWK ࢥPPKROHVQRGHVDQGHOHPHQWVIRU
WKH PRGHO ZLWK ࢥ PP KROHV DQG  QRGHV DQG  HOHPHQWV IRU WKH PRGHO ZLWK ࢥ PP KROHV 7KH
REWDLQHGPHVKIRUWKHPRGHOZLWK ࢥPPKROHVFDQEHREVHUYHGLQ)LJE
)LJ 7KHPRGHOXVHGLQWKHDQDO\VLV D PRGHOZLWKIORZGLUHFWLRQE WKHPHVKREWDLQHGIRUWKHPRGHOZLWK ࢥKROHV
 7KHUHVXOWVIRUWKHFRPEXVWLRQFKDPEHUZLWKVWDELOL]DWLRQVHFRQGDU\DLUVWUHDPKROHVGLDPHWHURI ࢥPP
7KHILUVWDQDO\VLVZDVGRQH RQWKHPRGHOZLWKWKHVWDELOL]DWLRQVHFRQGDU\DLUVWUHDPKROHVZLWKDGLDPHWHURI ࢥ
PP 7KHWHPSHUDWXUHGLVWULEXWLRQIRUWKLVPRGHOLVSUHVHQWHGLQ)LJD,WFDQEHVHHQWKDWWKHFRPEXVWLRQSURFHVV
WDNHVSODFHQHDUWKHLQMHFWLRQSRLQWDIWHUWKDWWKHIODPHLVGLOXWHG7KHPD[LPXPIODPHWHPSHUDWXUHKDVDYDOXHRI
 &YDOXH WKDW GHFUHDVHVDV WKH IOXHJDVH[LWV WKHFRPEXVWLRQFKDPEHU)LJE VKRZV WKH12PDVVIUDFWLRQ
GLVWULEXWLRQ WKDW UHVXOWHG LQ WKH FRPEXVWLRQ FKDPEHU GXH WR WKH FRPEXVWLRQ SURFHVV DQG KLJK WHPSHUDWXUH RI WKH
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IODPH7KHPD[LPXP IUDFWLRQ LV REWDLQHGQHDU WKH LQMHFWRU DQGKDV D YDOXHRI  IURP WKHPL[WXUH7KHPDVV
IUDFWLRQYDOXHGHFUHDVHVDOVRDVWKHIOXHJDVFRROVGRZQDQGH[LWVWKHFKDPEHU
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)LJ 7KHUHVXOWVIRUWKHPRGHOZLWKKROHVGLDPHWHURI ࢥPP D WHPSHUDWXUHGLVWULEXWLRQE 12PDVVIUDFWLRQGLVWULEXWLRQ
7KHYDULDWLRQRIWHPSHUDWXUHDQG12PDVVIUDFWLRQDORQJGHFHQWUDOD[LVRIWKHFRPEXVWLRQFKDPEHUZLWKIODPH
VWDELOL]DWLRQ KROHV GLDPHWHU RI ࢥPP FDQ EH VHHQ LQ )LJ  7KH WHPSHUDWXUH YDULHV IURP  & WKH IODPH
WHPSHUDWXUHWR&DWWKHFRPEXVWLRQFKDPEHUH[KDXVW7KHFXUYHIRUWKH12PDVVIUDFWLRQKDVDVLPLODUVKDSH
DV WKH WHPSHUDWXUH YDULDWLRQ FXUYH 7KH PD[LPXP  PDVV IUDFWLRQ GHFUHDVHV WR D YDOXH RI  DW WKH
FRPEXVWLRQFKDPEHUH[LVW
)LJ  3DUDPHWHUV YDULDWLRQDORQJWKHFHQWUDOD[LVRIWKHPRGHOZLWKKROHV GLDPHWHU RI ࢥPP D WHPSHUDWXUHYDULDWLRQE 12PDVVIUDFWLRQ
YDULDWLRQ
 7KHUHVXOWVIRUWKHFRPEXVWLRQFKDPEHUZLWKVWDELOL]DWLRQVHFRQGDU\DLUVWUHDPKROHVGLDPHWHURI ࢥ PP
7KH VHFRQG DQDO\]HG FRPEXVWLRQ FKDPEHU LV WKH RQHZLWK ࢥPP GLDPHWHU 7KH UHVXOWV IRU WKLV FRPEXVWLRQ
FKDPEHUDUHSUHVHQWHGLQ)LJ7KHIODPHSURILOHLQVLGHWKHFKDPEHUKDVDGLIIHUHQWSURILOHWKHQWKHIODPHREWDLQHG
LQWKHSUHYLRXVPRGHO7KH PD[LPXPWHPSHUDWXUHKDVDYDOXHRI&DQGLVFRQFHQWUDWHGQHDUWKHLQQHUVXUIDFH
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RIWKHIODPHWXEHDWWKHLQMHFWLRQDQJOH7KHPD[LPXPREWDLQHGWHPSHUDWXUHLVVOLJKWO\VPDOOHUWKHQWKHRQHREWDLQHG
IRU WKH SUHYLRXV PRGHO DV FDQ EH VHHQ LQ )LJ  D )LJ  E SUHVHQWV WKH 12PDVV IUDFWLRQ SURGXFHG GXH WR WKH
FRPEXVWLRQ SURFHVV 7KH PD[LPXP 12 PDVV IUDFWLRQ KDV D YDOXH RI  DQG LWV SRVLWLRQ FRLQFLGHV ZLWK WKH
SRVLWLRQRIWKH PD[LPXPREWDLQHGWHPSHUDWXUH
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)LJ 7KHUHVXOWVIRUWKH PRGHOZLWKKROHVGLDPHWHURI ࢥPP D WHPSHUDWXUHGLVWULEXWLRQE 12PDVVIUDFWLRQGLVWULEXWLRQ
)RUWKHPRGHOZLWK ࢥPPKROHVWKHYDULDWLRQRIWHPSHUDWXUHDQG12PDVVIUDFWLRQDORQJWKHFHQWUDOD[LVRIWKH
FRPEXVWLRQFKDPEHULVSUHVHQWHGLQ)LJ 7KHWHPSHUDWXUHYDULHVDORQJWKHFHQWUDOD[LVIURPWKHPD[LPXPYDOXH
RI&WRWKHWHPSHUDWXUHRI&)LJD7KH12PDVVIUDFWLRQYDULHVIRUWKLVPRGHOIURPWKHPD[LPXP
YDOXHRIWR)LJE
)LJ  3DUDPHWHUVYDULDWLRQDORQJWKHFHQWUDOD[LVRIWKHPRGHOZLWKKROHVGLDPHWHURI ࢥ PPDWHPSHUDWXUHYDULDWLRQE12PDVVIUDFWLRQ
YDULDWLRQ
 7KHUHVXOWVIRUWKHFRPEXVWLRQFKDPEHUZLWKVWDELOL]DWLRQVHFRQGDU\DLUVWUHDPKROHVGLDPHWHURI ࢥPP
)XUWKHUGHFUHDVLQJWKHGLDPHWHURIWKHIODPHVWDELOL]DWLRQDLULQWDNHKROHVGLDPHWHUWR ࢥ PPOHDGVWRWKHUHVXOWV
SUHVHQWHGLQ)LJ)LJD SUHVHQWVWKHWHPSHUDWXUHGLVWULEXWLRQLQVLGHWKHFRPEXVWLRQFKDPEHUIRUWKLVPRGHO7KH
PD[LPXPWHPSHUDWXUHLQWKLV FDVHKDVWKHYDOXHRI&
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)LJ  7KHUHVXOWVIRUWKHPRGHOZLWKKROHVGLDPHWHURI ࢥPP D WHPSHUDWXUHGLVWULEXWLRQE 12PDVVIUDFWLRQGLVWULEXWLRQ
7KHPD[LPXPIODPHWHPSHUDWXUHLVVPDOOHUWKHQLQWKHRWKHUWZRSUHYLRXVFDVHV7KHIODPHKDVDSURILOHPRUH
VLPLODUWRWKHRQHZLWK ࢥKROHVGLDPHWHU7KHPD[LPXP12PDVVIUDFWLRQDSSHDUVLQWKHDUHDRIWKHLQMHFWRUKHDG
DQGKDVDYDOXHRI)LJE
7KH WHPSHUDWXUHDQG12PDVV IUDFWLRQYDULDWLRQ IRU WKLVFDVHDUHSUHVHQWHG LQ)LJ 7KH WHPSHUDWXUHYDULHV
DORQJ WKHFHQWUDO D[LVRI WKHPRGHO IURP WKH PD[LPXPYDOXHRI& WR&DW WKHH[LWRI WKHFRPEXVWLRQ
FKDPEHU7KH12PDVVIUDFWLRQGLVWULEXWLRQDORQJWKHFHQWUDOD[LVRI WKHPRGHOSUHVHQWHGLQ)LJE YDULHVIURPWKH
PD[LPXPYDOXHRIWR
)LJ  3DUDPHWHUVYDULDWLRQDORQJWKHFHQWUDOD[LVRIWKHPRGHOZLWKKROHVGLDPHWHURI ࢥ PPDWHPSHUDWXUHYDULDWLRQE12PDVVIUDFWLRQ
YDULDWLRQ
 7KHUHVXOWVIRUWKHFRPEXVWLRQFKDPEHUZLWKVWDELOL]DWLRQVHFRQGDU\DLUVWUHDPKROHVGLDPHWHURI ࢥPP
7KH ODVW DQDO\]HGPRGHO KDG DQ LQFUHDVHG KROHV GLDPHWHU WR ࢥPP7KH UHVXOWV REWDLQHG IRU WKLVPRGHO DUH
SUHVHQWHGLQ)LJ7KHPD[LPXPWHPSHUDWXUHKDVDYDOXHRI&YDOXHZKLFK LVPXFKELJJHU WKDQWKHRQHV
REWDLQHGLQWKHSUHYLRXVDQDO\]HGFDVHV7KHIODPHSURILOHUHVHPEOHVWKHRQHREWDLQHGIRUWKHPRGHOZLWKWKHKROHV
GLDPHWHU RI ࢥ PP )LJ  D ,Q )LJ  E LV SUHVHQWHG WKH 12 PDVV IUDFWLRQ GLVWULEXWLRQ IRU WKLV PRGHO 7KH
PD[LPXP12PDVVIUDFWLRQREWDLQHGKDVDYDOXHRIDQGLVDOVRORFDWHGQHDUWKHLQMHFWRUKHDG
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)LJ  7KHUHVXOWVIRUWKHPRGHOZLWKKROHVGLDPHWHURI ࢥPP D WHPSHUDWXUHGLVWULEXWLRQE 12PDVVIUDFWLRQGLVWULEXWLRQ
7KH WHPSHUDWXUHDQG12PDVVIUDFWLRQYDULDWLRQ IRU WKLVPRGHODUHSUHVHQWHG LQ)LJ7KH WHPSHUDWXUHYDULHV
DORQJWKHFHQWUDOD[LVRIWKHPRGHOIURPWKHPD[LPXPWHPSHUDWXUH RI&WR&)LJD7KH12PDVV
IUDFWLRQGURSVIURPWKHYDOXHRIWRDWWKHFRPEXVWLRQFKDPEHUH[KDXVW)LJE
)LJ  3DUDPHWHUVYDULDWLRQDORQJWKHFHQWUDOD[LVRIWKHPRGHOZLWKKROHVGLDPHWHURI ࢥ PPDWHPSHUDWXUHYDULDWLRQE12PDVVIUDFWLRQ
YDULDWLRQ
 &RQFOXVLRQV
/RZHULQJWKHGLDPHWHURIWKHIODPHVWDELOL]DWLRQVHFRQGDU\DLUKROHVWKH12PDVVIUDFWLRQGHFUHDVHVRQO\VOLJKWO\
DWWKHYDOXHRI ࢥPP%\LQFUHDVLQJWKHGLDPHWHUIURPWKHYDOXHRI ࢥPPWR ࢥPPWKHYDOXHRIWKH12PDVV
IUDFWLRQLQFUHDVHVGUDVWLFDOO\IURPWKHYDOXHRIWR7KLVIDFWFDQEHVHHQLQ)LJ D7KHGRZQVLGHRI
GHFUHDVLQJWKHGLDPHWHURIWKHKROHVLVWKDWWKHH[KDXVWWHPSHUDWXUHRIWKHFRPEXVWLRQFKDPEHUDOVRGHFUHDVHVIDFW
WKDW ZLOO ORZHU WKH HIILFLHQF\ RI WKH JDV WXUELQH HQJLQH +H VDPH WKLQJ KDSSHQV LI WKH GLDPHWHUV RI WKH KROHV LV
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